A simple, rapid, and sensitive method is described whereby 6-aminopenicillaiic acid can be spectrophotometrically determined in the presence of penicillins and their degradation products without prior separation. D-(+)-Glucosamine is used as reagent. The effect of such parameters as pH, temperature, and time of heating on the formation of the chromophore is described. The recommended range is from 25 to 250 pug of 6-aminopenicillanic acid.
There has been considerable interest in the development of analytical methods for the determination of 6-aminopenicillanic acid (6-APA) because of the new vistas this compound has opened for the preparation of semisynthetic penicillins. Among the common methods employed for the estimation of 6-APA are the iodometric method (1) and the hydroxylamine method (4) . In both these methods, interfering penicillins are removed by preliminary extraction.
Bomstein and Evans (3) described a colorimetric method based on the reaction of 6-APA with p-dimethylaminobenzaldehyde to form a Schiff's base in the presence of penicillin. The chromogen is stable for a short time and the method is considered to be suitable only for use with automatic equipment. The other methods, based on manometric measurements (7) , are not satisfactory, as 6-APA reacts with CO2 to form 8-hydroxypenillic acid (2, 6) . A method based on acylation of 6-APA followed by automated determination of penicillin formed has been described by Ivanskhi (5 Procedure. Samples of exactly 0.02, 0.04, 0.06, 0.08, and 0.1 ml were taken from the 6-APA standard solution, and the volume brought to 4.0 ml with pH 8.0 barbiturate buffer. To this, 1.0 ml of 0.5% D-glucosamine reagent was added. The tubes were kept at 70 C in a constant-temperature water bath for 2 hr and then allowed to cool. A reagent blank was run with each standard set, and the absorbance neasurements were made at 324 nm.
The sample blanks were prepared by adding penicillinase and incubating for a length of time sufficient to degrade the 6-APA or penicillin present; alkali hydrolysis was used with samples containing penicillinase-resistant penicillins before buffer and reagent were added. Table 1 summarizes the recoveries of 6-APA. Ultraviolet absorption of 6-APA and D-(+)-glucosamine reaction product adhered to the Beer-Lambert law over a wide range, as indicated both by recoveries in Table 1 and by the plots of absorbance in Fig. 1 . Linearity extended at least over a rainge of 25 to 250 ug of 6-APA. Figure 2 displays the ultraviolet absorption spectrum of the reaction mixture. The absorbance curve is well defined and exhibits an absorption maximum at 324 inm.
RESULTS AND DISCUSSION
Effect of pH. The effect of pH on chromophore development was studied in solutions containing tions of reagent, but this affected the sensitivity with a corresponding increase in blanks.
Effects of temperature and time. Figure 3 shows the effect of time on the absorbance maxima of the 6-APA chromophore formed at 70 C under the assay conditions. The maximal absorbance was obtained in 2 hr, after which the increase was very slow with the blank readings maintaining a steady increase. Although not shown in Fig. 3 , a similar course of reaction was produced by increasing the temperature. Up to 70 C, there was a steady rise of chromophore yield; beyond 70 C, the blank readings annulled the advantage of higher chromophore formation. Somewhat empirically, therefore, the optimal condition was established to be 70 C for 2 hr.
Reproducibility and accuracy. Table 2 summarizes the recovery of 6-APA in the presence of six representative samples of different penicillins, penicilloic acid, and penillic -acid at three different levels. The fact that neither the penicillins nor the degradation product of penicillin G interfered with the determination of 6-APA is apparent from a comparison of recovery values in Tables 1 and  2 . The determination of 6-APA in amounts varying from 1,000 to 2,000 gg and from a (Tables 3 and 4 ) are in agreement. The recoveries of 6-APA were low only in the presence of penicic acid. This is probably the result of dimer formation with the free 6-APA under the reaction conditions. This can be circumvented by extracting penicic acid at acid pH with suitable solvents from the samples containing 6-APA and penicic acid. We have used this method for the estimation of 6-APA, but it is also possible to use it for the detection of 3-lactamase activity associated with acylase-producing organisms by assaying both unextracted and extracted reaction mixtures. The low values in the unextracted samples in comparison with the extracted ones would indicate the presence of penicic acid.
The method described is particularly useful for the determination of small amounts of 6-APA in the presence of penicillins and their degradation products encountered in fermentation broths or in enzymatic or chemical reaction mixtures.
